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Abstract: With the advent of knowledge economy age, science and technology resources, as one 
of the most significant strategic resources, will play an important role in the future competition. In 
this circumstance, it is necessary to pay attention to the problems relating to the allocation of S&T 
resources. According to the design of input-output index system of S&T resources, this paper 
evaluates the allocation efficiency of S&T resources in China with the CCR model of DEA 
method, points out the reasons for the allocation inefficiency and suggests the ways to improve the 
allocation potential. In this basis, it summarizes the following conclusion:1) The spatial pattern of 
allocation efficiency of S&T resources in China presents clustered distribution, and the efficiency 
level appears a descending trend from the east to the west. 2) For most of the provinces in China, 
the lower utilization rate of S&T resources resulting in the output insufficiency of economic 
benefit is the most important reason affecting the allocation efficiency. Therefore, we should 
enhance the utilization rate of S&T resources and boost the transformation of S&T achievements 
as the main ways to improve the allocation efficiency of S&T resources in China. 
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1 Introduction 
With the advent of knowledge economy age, knowledge industry is becoming the mainstream 
of industries in the world. Meanwhile, science and technology(S&T hereafter) resources will play 
an important role in this process. Differing from other traditional resources, S&T resources 
possess lots of characteristics, for example, they could be used long-term and repeatedly, and often 
obtain an increased output than input. As we all know, our country has a special history, and also 
ignored the development and utilization of S&T resources in a long time, which results in the 
situation that most of the current problems are related to the unreasonable allocation of S&T 
resources(Ding, 2005; Liu, 1999). Under this background, this problem concerning how to regard 
the current distribution of S&T resources, how to evaluate the allocation efficiency of S&T 
resources, and how to make the allocation pattern more reasonable, is becoming a hot issue in 
making decisions by government. 
Since the end of last century, the research on the allocation of S&T resources has attracted 
academics’ attention, which main point is on the field of allocation pattern or allocation 
efficiency(Wei and Wu, 2005; Li and Li, 2010). According to the traditional view, the research on 
resource allocation is mainly affected by management or economics, so it is rarely studied on the 
field of spatial disparity, efficiency and other issues from the perspective of geography. Based on 
this, the paper takes full account of the allocation system of S&T resources being a typical 
input-output system, so it uses the entropy method and DEA model to analyze the spatial disparity 
and efficiency for the allocation of S&T resources. According to the design of input-output index 
system of S&T resources, this paper takes the 31 province-level administrative units in our 
country for example(due to the unavailable data, Hong Kong, Macao and Taiwan are excluded). 
With the CCR model of DEA method, we could calculate the relative efficiency of S&T resources 
allocation for every principle unit, in order to explore the reason of low efficiency and the way to 
improve it.  
2 Data and methods adopted 
2.1 Research data 
S&T resources, consisting of human resources, financial resources, material resources and 
information resources, are the foundation for all the science and technology activities, and the set 
of elements to create S&T achievements and promote the economic and social development. In a 
narrow sense, only the human resources and financial resources are included in the definition of 
S&T resources. In fact, S&T human resources are the sole resources that could take subjective 
initiative. And S&T financial resources are the foundation of the creation and accumulation of all 
the material wealth. So to some extent, both of them are on behalf of the main body of the whole 
allocation of S&T resources. Generally speaking, the investment of S&T human resources include 
the number of S&T personal, the number of scientist and engineer, the number of S&T personal 
and so on. Meanwhile, the investment of S&T financial resources mainly include the funding for 
S&T activities, intramural expenditure on R&D, R&D expenditure as a percentage of GDP, etc. In 
this paper, we select the most commonly used international indicators, the total investment of 
R&D expenditure and full-time equivalent of R&D personnel, as the input part of the allocation 
system of S&T resources(The Yellow Book on Science and Technology, 2002). Above all, by 
means of R&D activity, S&T resources could create more economic value, and the input-amount 
of S&T human and financial resources determines the essential use of S&T resources’ investment.  
The output of allocation system of S&T resources can be measured in many ways, not only 
including the scientific papers and books on behalf of the direct achievements in scientific 
research, but also the inventive patents representing technological innovative achievements, as 
well as the output value of high-tech products standing for the transformation capability of S&T 
achievements into economic benefits. Of this all, the number of SCI-, EI-and ISTP-indexed papers 
published is an important output of S&T resources, which reflects the direct achievements of 
scientific research and provides technical prospects of S&T innovation. Besides, invention patent 
provides physical and chemical principles and other commercial applications models for S&T 
innovation activity, so it is also a vital indicator embodying the technological development. Both 
of them stand for the direct output of scientific research, so they are called direct knowledge 
output. Meanwhile, with the technical market is advent, it is possible to transfer the technology 
with compensation. So the amount of transaction contract in technical market reflects the dynamic 
degree of S&T innovative activity and the transformation capability of S&T achievements. 
Otherwise, the value of high-tech products can also embody the combination of scientific research 
and enterprises innovation, which reflects the transformation ability of S&T achievements. That is 
because ongoing product innovation is an effective response to the fierce market competition, and 
the R&D activity is necessary to realize the innovation. As mentioned above, these two indicators, 
which transform to economic benefit, reflect the indirect output from the investment of S&T 
resources. Hence, the output indicators are composed of direct knowledge output and indirect 
economic benefit respectively. 
In addition, due to an important rule needed obey, the number of decision making unit should 
exceed twice the sum of input-output indicators. Otherwise, the distinction of efficiency 
evaluation with DEA model will decline. Therefore, when the number of decision making unit is 
fixed, we should try the best to reduce the variables of input-output index, in order to improve the 
distinction capability of efficiency evaluation(Liu and Huang, 2010). Table 1 shows the 
input-output index system of S&T resources. Besides, considering the time lag in input-output 
system(Hu and Liu, 2009), we choose 2-year as the lag period, that is to say, the output in 2009 
comes from the investment in 2007. And all the data in this paper are based on the Survey 
regarding the S&T Activities by National Bureau Statistics, an annual survey conducted for all 
S&T phenomenon. The results of this survey are used as official S&T statistics in China, and the 
aggregated statistics are published annually as the Chinese S&T Statistical Yearbook. So the input 
data is coming from Chinese S&T Statistical Yearbook(2008), and the output is from Chinese S&T 
Statistical Yearbook(2010). 
Tab.1 Input-output index system of S&T resources 
Target Indicator Principle 
Input of S&T resources 
Gross amount of R&D expenditure Investment of S&T financial resources 
Full-time equivalent of R&D 
personnel 
Investment of S&T human resources 
Output of S&T resources 
Number of scientific papers Direct knowledge output of scientific 
research Number of invention patent granted 
Value of high-tech product 
Indirect economic benefit of scientific 
innovation 
Amount of transaction contract in 
technical market 
2.2 Research methods adopted 
In 1978, Charnes and Cooper et al, as the famous operational researchers in American, 
advanced a new systematic analyzing method appraising the relative efficiency, which was data 
envelopment analysis, called DEA for short. It is a non-parametric statistics method, can be used 
in the evaluation of those decision making units (DMU) which belong to the same type with 
multiple input items and multiple output items. When people need compare or evaluate several 
departments or units in the same type according to their observation of the input and output data, 
DEA method is one of the best chooses. The input data are the investment amount when the units 
engaged in the activities, and the output data are the results or achievements at the end of these 
activities.  
The allocation system of S&T resources is a typical input-output system. Through the 
analysis of the input and output indicators of S&T resources in different units with DEA method, 
we can learn the relative efficiency in different units and recognize the affecting factors of the 
inefficiency. The DEA method includes lots of models, such as CCR, BCC, C
2
GS and so on. In 
this paper, we select the classic CCR model to study the allocation efficiency of S&T resources in 
China. 
As table 1 showes, the input variables are the S&T human and financial resources, and the 
knowledge output and economic benefit resulting from the investment are the output variables. 
Suppose we have a set of n peer DMUs, {DMUj: j=1, 2,…, n}, which produce multiple outputs yrj 
(r=1, 2,…, s),by utilizing multiple inputs xij (i=1, 2,…, m). Let the inputs and outputs for DMUj 
be Xj=(x1 j, x2 j,…, xmj)
t
 and Yj=( y1j, y2j, …, ysj)
t
, respectively, so the CCR model is as follows: 
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In the model, θ（0 < 𝜃 ≤ 1）is the efficiency value, and 𝜆𝑗 is the weight variable. Besides, 
𝑆−and 𝑆+are respectively slack variable and surplus variable. According the meaning of DEA 
model, if the value of θ is close to 1 very much, it accounts for the high ratio of input-output, 
which represents the high efficiency of resources allocation. When the value of θ is equal to 1, 
the input-output level in this DMU is located in the optimal production frontier, and the allocation 
efficiency reaches the highest. Meanwhile, when the value of θ is less than 1, S+ and S- must be 
positive. And though the value of S
+
 and S
-
 we could recognize what the main affecting feature is 
and how much space the efficiency could be improved. 
3 Evaluation on the allocation efficiency of S&T resources in China 
3.1 Spatial pattern of the allocation efficiency of S&T resources in China 
According to the calculation on the input-output index system of S&T resources with CCR 
model of DEA method by the software of MaxDEA, we could get the result, which is called “𝜃” , 
of the allocation efficiency of S&T resources in 31 provinces. And then, we divided this “𝜃” into 
five levels representing the five types of efficiency zones, the highest as the first type and the 
lowest as the fifth. Meanwhile, we put it into the statistic clustering method in ArcGIS, where the 
result of spatial disparity pattern for the allocation efficiency of S&T resources could be visual. 
 
Fig.1 Spatial disparity pattern of the allocation efficiency of S&T resources in China 
Based on Fig.1 and Tab.2, the characteristics of the allocation efficiency in China could be 
summarized in four aspects. 1) Generally speaking, the spatial pattern of allocation efficiency of 
S&T resources in China presents clustered distribution, and the efficiency level appears a 
descending trend from east to west. 2) From a regional perspective, on the one hand, the 
high-level zones of allocation efficiency consist of the Jing-jin region, the Pearl River Delta region, 
the Hubei-Hunan region, the Shanxi-Gansu region and the Northeast region. On the other hand, 
the lower-level zones mainly include most of the West regions bordering on the other countries, as 
well as Henan-Shanxi region in Middle area. 3) Judging from the type area, the number of 
provinces in different type area is almost equivalent, that is to say, the level of the allocation 
efficiency of S&T resources appears the hierarchical and progressive distribution. 4) For the 
composition of province number in every type area, the East region accounted for 86% and the 
West region accounted for 14% in the whole 7 provinces of the first type area; in the 5 provinces 
of the second type area, the East and West regions accounted for 40% respectively, and the Middle 
area accounted for 20%; in the 6 provinces of the third type area, the East region accounted for 
50%, the Middle area accounted for 17%, and the West region accounted for 33%; in the 7 
provinces of the fourth type area, the East region accounted for 29%, the Middle area accounted 
for 14%, and the West region accounted for 57%; in the 6 provinces of the fifth type area, the 
Middle area accounted for 33% and the West region accounted for 67%. As mentioned above, the 
allocation efficiency in East area is superior to that in Middle area, which in Middle area is better 
than in West area. 
Tab.2 Allocation efficiency of S&T resources in China based on CCR model 
Efficiency value Type area Provinces included 
Number and in the 
region 
 =1 
The first type 
area 
Beijing, Guangdong, 
Hainan, Heilongjiang, 
Hunan, Shanghai and 
Tianjin 
7 in total, 6 of them in the 
eastern region, 1 of them 
in the central region 
 .  <   <   
The second 
type area 
Hubei, Shanxi, Gansu, 
Fujian and Jilin 
5 in total, 2 of them in the 
eastern region, 1 of them 
in the central region, 2 of 
them in the western 
region 
 .  <   <  .   
The third type 
area 
Jiangsu, Sichuan, Zhejiang, 
Anhui, Chongqing and 
Liaoning 
6 in total, 3 of them in the 
eastern region, 1 of them 
in the central region, 2 of 
them in the western 
region 
 .  <   <  .   
The fourth 
type area 
Guizhou, Yunnan, 
Shandong, Qinghai, Tibet, 
Hebei and Jiangxi 
7 in total, 2 of them in the 
eastern region, 1 of them 
in the central region, 4 of 
them in the western 
region 
 <  .   
The fifth type 
area 
Henan, Guangxi, Shanxi, 
Xinjiang, Inner Mongolia 
and Ningxia 
6 in total, 2 of them in the 
central region, 4 of them 
in the western region 
In this situation, it should be noted that the value of efficiency calculated with CCR model of 
DEA method, represents the relative efficiency of the allocation of S&T resources, which reflected 
the relative level of allocation efficiency in the 31 provinces. Hence, even if the “θ” of some 
province is higher, it can’t show this province has a fully strength of S&T, but only illustrated the 
higher input-output radio of S&T resources. On this basis, as Tab.3 shows, we could explain the 
reason for the differences of allocation efficiency of S&T resources. For those provinces in the 
first type area, they have already reached the optimal production frontier, and the direct 
knowledge output and the indirect economic benefit kept the same rank or exceeded the rank of 
the investment of S&T resources in China. So the ratio of input-output has achieved the highest 
level, and those “θ” was 100%. For those the value of allocation efficiency couldn’t attend 100%, 
the output rank lagged behind the investment rank of S&T resources. So there was a certain gap 
between the allocation efficiency and the optimal production frontier, and the improving space 
existed. 
Tab.3 Ranking of the input-output indicators of S&T resources in China 
Name 
Investment of S&T 
resources 
Direct knowledge output 
Indirect economic 
benefit 
Ranking Ranking 
Ranking 
changes 
Ranking 
Ranking 
changes 
Beijing 1 1 → 1 → 
Jiangsu 2 4 ↓ 3 ↓ 
Guangdong 3 2 ↑ 2 ↑ 
Shandong 4 6 ↓ 6 ↓ 
Zhejiang 5 5 → 7 ↓ 
Shanghai 6 3 ↑ 4 ↑ 
Sichuan 7 11 ↓ 8 ↓ 
Liaoning 8 8 → 10 ↓ 
Hubei 9 7 ↑ 11 ↓ 
Henan 10 16 ↓ 15 ↓ 
Shanxi 11 9 ↑ 12 ↓ 
Tianjin 12 12 → 5 ↑ 
Fujian 13 17 ↓ 9 ↑ 
Hebei 14 18 ↓ 22 ↓ 
Anhui 15 14 ↑ 16 ↓ 
Hunan 16 10 ↑ 13 ↑ 
Heilongjiang 17 13 ↑ 17 → 
Shanxi 18 20 ↓ 19 ↓ 
Jilin 19 15 ↑ 18 ↑ 
Chongqing 20 19 ↑ 14 ↑ 
Jiangxi 21 23 ↓ 20 ↑ 
Guangxi 22 24 ↓ 26 ↓ 
Gansu 23 21 ↑ 21 ↑ 
Yunnan 24 22 ↑ 23 ↑ 
Inner 
Mongolia 
25 26 ↓ 25 → 
Guizhou 26 25 ↑ 24 ↑ 
Xinjiang 27 27 → 30 ↓ 
Ningxia 28 29 ↓ 28 → 
Qinghai 29 30 ↓ 27 ↑ 
Hainan 30 28 ↑ 29 ↑ 
Tibet 31 31 → 31 → 
3.2 Reasons leading to the allocation inefficiency of S&T resources 
In terms of the allocation process of S&T resources, there are two main aspects affecting the 
allocation efficiency involved input and output. When the allocation inefficiency occurs, it must 
be caused by the redundancy of input or the deficiency of output. However, we couldn’t make sure 
which indicator plays a leading role for different provinces on earth, so it’s needed to search 
further. According to the connotation of DEA model, we know that when 𝜃=1, the DMU’s 
input-output level locates the optimal production frontier and the allocation efficiency of S&T 
resources reaches 100%. And when 𝜃<1, the DMU’s input-output level doesn’t reach the optimal 
production frontier, the gap between the optimal value and the actual value will be shown through 
the value of 𝑆+and 𝑆−. And in this basis, we could find the particular reasons for the allocation 
inefficiency of S&T resources in different provinces. 
According to the analysis of 𝑆+and 𝑆−, there are different reasons in different provinces. The 
provinces influenced greatly by the input redundancy of human and financial resources include 
Chongqing, Liaoning, Guizhou, Yunnan, Shandon, Qinghai, Tibet, Hebei, Jiangxi, Henan, 
Guangxi, Shanxi, Xinjiang, Inner Mongolia and Ningxia, and the rate of input redundancy in 
which is in excess of 60%. What’s more, the rate in the other provinces except Chongqing, 
Liaoning, Guizhou and Yunnan, exceeds 100%. It is clear that although the scarcity of S&T 
resources has been recognized by the common people, the waste of them is still serious in most 
parts of China. Especially for the central and western regions, S&T resources are more limited 
than that in the eastern region. In the circumstances, failed to make full use of S&T resources is 
the main reason for allocation inefficiency. Besides, the provinces mainly influenced by the output 
insufficiency of high-tech product value of indirect economic benefit include Gansu, Yunnan, 
Qinghai, Guangxi, Xinjiang and Inner Mongolia, and the rate of the output insufficiency is 
between 60%-96%. All the provinces are distributed in the western region of China, so less 
contact with other regions is the main reason for lacking innovation leading to low value of 
high-tech production. And the provinces mainly influenced by the output insufficiency of the 
amount of transaction contract in technical market include Hubei, Shanxi, Fujian, Jilin, Jiangsu, 
Sichuan, Zhejiang, Anhui, Guizhou, Shandong, Tibet, Hebei, Guangxi, Shanxi and Xinjiang, their 
rate of the output insufficiency is between 60%-100%. As we can see, these provinces have a large 
number and distributed widely. To some extent, it reflects a fact that the transformation capability 
of S&T achievements should be improved in the whole country. In addition, the provinces mainly 
influenced by the insufficiency of the scientific paper number of direct knowledge output include 
Tibet and Qinghai, and influenced by the insufficiency of the granted invention patent number 
include Gansu and Fujian. Except the four provinces, the rate of the direct knowledge output in the 
other provinces is below 60%, which show the direct knowledge output is much higher, and there 
is limit space to raise the insufficient rate.  
As mentioned above, the reasons for the allocation inefficiency of S&T resources in China 
can be summarized as the four following aspects.1) For the provinces that allocation efficiency 
less than 100%, the input redundancy of S&T resources is the key reason for the allocation 
inefficiency; 2) For the provinces that allocation efficiency less than 50%, the input redundancy is 
the most important reason for their inefficiency. These provinces are mainly distributed in the 
central and western regions, and have a great improvement potential due to their input redundancy 
of scientific human and financial resources exceeding 100%. 3) Compared with the direct 
knowledge production, the output deficiency of indirect economic benefit is the main problem for 
the provinces of the allocation efficiency less than 100%. Thereinto, the provinces accounting for 
92% have a great space for improvement in the indicator of amount of transaction contact in 
technical market, and 75% provinces could be enhanced in the value of high-tech product. 4) For 
the whole 31 provinces across the country, the situation of direct knowledge output operates well. 
Overall, although different provinces don’t have the same special reasons for the allocation 
inefficiency of S&T resources, the redundancy of resources’ investment and the output 
insufficiency of the economic benefit, are the two main reasons for the allocation inefficiency of 
most of the whole provinces in China. 
3.3 Ways to enhance the allocation efficiency of S&T resources in China 
Because the allocation of S&T resources consists of two stages which are input and output, 
we should commence to enhance the allocation efficiency from the two aspects. From the view of 
S&T resources investment, almost all the provinces which allocation efficiency is less than 100%, 
have some improvement potential due to their large input redundancy. Especially for Shandong, 
Qinghai, et.al , their redundancy rate is much more than 100%. From the view of S&T resources 
output, for the direct knowledge output, the whole country except Tibet, Qinghai, Gansu and 
Fujian, has less potential to improve. But for the indirect economic benefit, most of the provinces 
have large space to enhance. So it shows that if we should enhance the whole allocation efficiency 
of S&T resources, on one hand, we need make full use of the existing resources and increase the 
investment of specific fields in order to meet the market’s needs, avoiding the occurrence of large 
input redundancy. On the other hand, we should boost the transformation of S&T achievements 
and change them into economic benefit as soon as possible in order to increase the contribution of 
S&T to economic growth. 
As the allocation of S&T resources is a systematic project, it necessarily involves many 
factors, such as policy, institution, et.al. Hence, in order to improve the allocation efficiency of 
S&T resources, we should take a full consideration to the background of S&T policy and stimulate 
the enterprises’ innovation. According to the effective combination of market forces and 
administrative measures, try the best to enhance the allocation efficiency of S&T resources. This is 
also the important method to improve the allocation efficiency.  
4 Conclusion and discussion 
Nowadays, as an important strategic resource, the potential value of S&T resources is 
difficult to measure. And the characteristic of rareness orders the realization of reasonable 
allocation in order to serve the development of society well. This paper designed the input-output 
index system of S&T resources, built the evaluation model of allocation efficiency, and finished 
the evaluation of spatial allocation efficiency of S&T resources in China. Meanwhile, this paper 
pointed out the reasons for the allocation inefficiency and suggested the way to improve the 
allocation potential. In this basis of the current research, we summarizes the following 
conclusion.1) The spatial pattern of allocation efficiency of S&T resources in China presents 
clustered distribution, and the efficiency level appears a descending trend from the east to the  
west. 2) Although the total factors leading to the allocation inefficiency in China are the input 
redundancy and the output insufficiency, the different province affected by the focus is diverse. 
For most of the provinces in China, the lower utilization rate of S&T resources resulting in the 
output insufficiency of economic benefit is the most important reason affecting the allocation 
efficiency. Therefore, we should enhance the utilization rate of S&T resources and boost the 
transformation of S&T achievements as the main way to improve the allocation efficiency of S&T 
resources in China. 
In this paper, there are still some limitations and shortcomings of the research on the 
allocation efficiency of S&T resources in China. Firstly, due to the inaccessible data, it is difficult 
to analyze the whole allocation efficiency in the micro-scale view based on the municipal-level 
administrative unit. In this situation, the research finding could only reflect the disparity of 
different provinces rather than the internal distinction of the same province. Secondly, this paper 
selected only one time point in the research, which reflected the current situation of allocation 
efficiency of S&T resources in China. So it is needed we select a few more time points to study on 
the variation process of allocation efficiency of S&T resources. Overall, the selection to the 
typical municipal-level administrative unit for the scale, or the more time points reflecting the 
process of efficiency variation, will be the direction for the further research. 
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